Huntington's disease (HD) is an inherited neurodegenerative disorder that is
Huntington's disease (HD) is an autosomal-dominant neurodegenerative disorder that is caused by expanded CAG trinucleotide repeats on the N-terminus of the IT15 gene that encodes the protein huntingtin (htt) (1) . HD occurs in individuals whose htt gene has more than 37 CAGs, resulting in a mutant protein with an abnormally extended polyglutamine (polyQ) tract. Symptoms can manifest at any age, and typically involve movement disorders, including chorea, along with psychiatric and cognitive dysfunction. The median age at onset is 40 years, with death generally following 15-20 years after appearance of symptoms (2;3) . While the neurodegeneration caused by the HD mutation is particularly marked in the striatum and cortex, htt is widely expressed in many different tissues and its functions are critical for life (4) (5) (6) . Mutant htt is prone to aggregation, and both cytosolic and nuclear inclusions have been observed (7) (8) (9) (10) .
Extensive genetic and transgenic data suggest that the HD mutation causes disease primarily by conferring a toxic gain-of-function on the mutant protein ((4) and reviewed in (11)). However, it is possible that loss-of-function and/or dominant negative effects may also contribute to pathology (reviewed in (11;12)) Proteolytic processing of htt is also likely to play an important role in HD pathogenesis. The toxicity of mutant htt may only be fully exposed after cleavage by proteases, including caspases, calpains and a putative aspartic protease, to reveal a short, Nterminal polyQ-containing fragment of 100-150 residues (reviewed in (13) (14) (15) and references therein). N-terminal cleavage products have been found in inclusions from HD patients (16) (17) (18) , and N-terminal fragments with expanded polyQs readily form inclusions similar to those seen in HD patients. However, it is still unclear which combination of proteolytic events is required for generation of the toxic fragments.
There are nine different inherited neurodegenerative diseases caused by CAG/polyQ expansion in the target proteins. Although all show inclusions containing the expanded polyQs, the parts of the brain affected by the different polyQexpanded proteins differ, resulting in different symptom constellations. Therefore, the host protein itself and its distinct interactions with other proteins probably play key roles in determining the disease pathology (19) . Furthermore, recent data suggest that wild-type htt may have a beneficial effect on the gain-of-function toxicity of the mutant protein (20;21) . It is therefore important to determine the normal functions of htt in order to fully understand the pathogenesis of HD.
Many htt-interacting proteins have been reported, and wild-type htt has been proposed to have roles in a wide range of activities including neurotransmission, axonal transport and neuronal positioning (22;23) . Htt is a 347kDa protein with no sequence homology to any other known protein, however, sequence analysis revealed that htt contains multiple HEAT repeat sequences (24) . A HEAT (Htt, Elongation factor 3, the PR65/A subunit of protein phosphatase 2A and the lipid kinase TOR) repeat is a degenerate ~50 amino acid motif consisting of two anti-parallel α-helices forming a helical hairpin (see Fig. 5 ). HEAT repeat proteins generally mediate important protein-protein interactions involved in cytoplasmic and nuclear transport, microtubule dynamics and chromosome segregation (25). To date, there are four HEAT repeat proteins with known 3D structures: importin-β, karyopherin-β2, the PR65/A subunit of PP2A and Cand1 (26) (27) (28) (29) . HEAT repeat proteins have very high helical content (≥50%) and often form superhelical structures with continuous hydrophobic cores (see Fig. 5 ) (30;31) . Using cross-species comparative analysis, Takano and Gusella (24) predicted that vertebrate htt contains 28-36 HEAT repeats that span the entire protein.
In order to understand the normal functions of wild-type htt, it is useful to know its structural features. All in vitro biochemical work on htt has been limited to polyQ-containing Nterminal fragments, such as exon 1. The aim of this study is to express and purify full-length wildtype human htt to allow characterization of its biochemical, biophysical and structural properties, and to provide a tool for addressing the molecular basis of its manifold interactions. Here we report the expression and purification of recombinant full-length human htt to over 95% homogeneity. Preliminary characterization by circular dichroism, dynamic light scattering, electron microscopy and limited proteolysis supports a model of htt predominantly composed of HEAT repeats which stack into a rod-like superhelical structure.
Experimental Procedures
Materials -pFastBacHTb vector, DH10Bac competent cells and the insect cell lines (Sf9 and Hi-Five) were all purchased from Invitrogen. Antihtt monoclonal antibodies MAB2166, 2168 and 2170 were purchased from Chemicon International. Anti-FLAG M2 antibody and its antibody-gel were purchased from Sigma-Aldrich. Horseradish peroxidase-conjugated anti-mouse antibody was purchased from DAKO A/S, Denmark. Mark12 from Invitrogen was used for SDS-PAGE and rainbow molecular weight marker from Amersham Biosciences was used for western blot. HMW Native Marker Kit was used for native-PAGE (Amersham Bioscience). Cloning, expression and purification of full-length human htt -Full-length human htt cDNA (IT15) with N-terminal 6xHis and 3xFLAG tags, was subcloned from pTre2Hyg:3xFLAG:htt17QFL construct (32) into Bac-to-Bac vector pFastBacHTb between the BamHI and NotI sites. The bacmid was generated according to Invitrogen's Bac-to-Bac manual and the transfection of Sf9 cells was carried out using Fugene (Roche Diagnostics Ltd) following the manufacture's instructions. The transfection supernatant containing the recombinant virus was amplified over three rounds, and then used to infect Hi-Five cells for protein production. Cells were harvested 72 hours after infection and expression of full-length htt was initially verified by immuno-blotting. Cell pellets were resuspended in buffer A (50mM Tris, pH7.4, 100mM NaCl and 10% glycerol) containing a protease inhibitor cocktail (Complete, EDTA-free, Roche Diagnostics Ltd). Cells were broken by sonication and cell debris was spun down by centrifugation. The supernatant was collected and passed through a 5ml Hi-Trap metal-chelating column (Amersham Bioscience) pre-charged with Ni 2 SO 4 . After washing with buffer A containing 5mM imidazole, bound proteins were eluted using a 5 to 200mM imidazole gradient. Fractions were subjected to SDS-PAGE and those containing full-length htt were pooled and concentrated using a 30kDa cutoff spin concentrator (Viva Science). The semipurified htt was then passed through a Superose 6 16/60 gel filtration column pre-equilibrated in buffer A. Fractions containing htt were pooled and further purified using the ANTI-FLAG M2 affinity gel (Sigma Aldrich) following the manufacture's instructions. Briefly, htt (in buffer A) was incubated with the affinity gel at 4°C overnight, followed by two washes with 5 resin-volumes of buffer A. The major contaminant, identified as tubulin by N-terminal sequencing, did not bind to the resin (data not shown). The protein which bound to the resin was eluted with 3xFLAG peptide (0.3mg/ml in buffer A). Htt purity was judged by SDS-PAGE and concentration determined using the Bradford assay. Htt expression levels and purification yields were estimated from Coommassie-stained SDS-PAGE, using bovine serum albumin as the standard. PAGE and western blots -SDS-and native-PAGE were carried out using 3-8% Tris-acetate gels from Invitrogen, following manufacture's instructions. Western blotting was performed using a BioRad semi-dry transfer system and developed with the ECL system (Amersham Bioscience.) Coommassie staining of native and SDS-gels was conducted using SimplyBlue Safestain (Invitrogen), which has a reported sensitivity of 7ng of BSA. Circular Dichroism Spectroscopy -Purified fulllength human htt (0.2mg/ml) was dialyzed into 30mM Tris, pH7.4 overnight before CD analysis. CD spectra were measured at 20°C on a JASCO 810 spectropolarimeter using a 0.5mm cuvette, from 180nm to 260nm, and 20 scans were averaged. The spectra were analyzed using CD Spectra Deconvolution program (CDNN, version 2.1 (33)). The experiment was repeated twice with material judged by SDS-PAGE to be 70% and 90% un-nicked, and identical traces were obtained. Negative stain electron microscopy -A 4μl droplet of each isolated fraction of htt from the Superose 6 column was placed on carbon-coated copper 400 mesh grids (Agar Scientific). The solution was blotted away and washed once with 4μl milliQfiltered water and blotted. The grid was then stained using 4 μl of 2% Uranyl acetate, blotted and allowed to air-dry. The grid was examined using a Hitachi7100 transmission electron microscope operated at 100kV and images were taken using a Gatan Ultrascan 1000 CCD camera at magnifications of 15,000 -50,000 times.
Images were converted to tif or jpg format using Digital micrograph software.
Immunogold electron microscopy -5μl of htt from fraction 4, which eluted at 77ml off the Superose 6 column, was placed on a carbon-coated grid and incubated for 2 minutes. The grid was then placed sample side down onto a droplet of milk (1% w/v in PBS) for 10 minutes and then lifted off and blotted. The grid was placed onto a droplet of primary antibody (MAB2166, MAB2168 or MAB2170), diluted 1/1000 in 1% w/v milk in PBS, covered and incubated for 60 minutes. The grid was washed 10 times with filtered PBS and blotted, and then incubated for 60 minutes on a droplet of secondary antibody (goat anti-mouse 10nm or 5nm conjugated-gold (Sigma)), diluted 1/20 in PBS. Finally, the grid was washed three times for five minutes with PBS and three times for five minutes in water and blotted. The grid was then stained as described above with 2% Uranyl acetate. Controls were done using the same protocol, with water instead of protein solution. Dynamic light scattering -Dynamic light scattering was carried out at 20°C on a DynaPro-801 molecular sizing instrument from Protein Solutions. Htt at 0.4 mg/ml was passed through a 0.1μm filter before loading into a 45μl cuvette. 26 counts were taken and averaged for measuring the dynamic radius and the polydispersion. Limited trypsin digestion -Purified htt was treated with 0.04%, 0.08%, 0.12% and 0.24% of trypsin (by weight) at room temperature for 40 minutes. The reactions were stopped by adding a 10-fold excess of soybean trypsin inhibitor (Sigma) and samples were run on SDS-and native-PAGE. The experiment shown in the figure was conducted on material judged to be 40% nicked during purification, but the results were obtained from starting material judged to be only 10% nicked (data not shown). Molecular modeling -A model of a HEAT repeat protein of 2880 residues was generated using the coordinates of importin-β (A chain from 1UKL (34)). A continuous superhelix composed of four A chains was created by superimposing a Cterminal helix starting at residue 855 on the Nterminal helix of another monomer starting at residue 187. Overlapping residues were removed and the resulting model was energy minimized using CNS (35) . A ribbon diagram was generated using programs Molscript (36) and Raster3D (37) , and the surface representation was created using the program Spock.
RESULTS

Expression and purification of full-length htt -
The first step in determining the structural and functional properties of htt is to obtain milligram quantities of pure full-length protein. Purification of naturally expressed htt from human cells could never yield enough protein of sufficient quality, making it necessary to develop a recombinant system. We initially attempted expression in bacteria, but expression levels were very low, and htt could only be detected in whole cell extracts. This was presumably due to the size of htt and the absence in E. coli of the necessary protein folding machinery. We chose insect cells for expression of human htt because they have an htt homologue (38) and are a well-established eukaryotic expression system for cytosolic proteins (39) . Full-length human htt cDNA was cloned into pFastbacHTb vector with an N-terminal 6xHis tag followed by a 3xFLAG tag (Fig. 1A) . The vector was transformed into DH10Bac cells to generate the bacmid that was used to transfect the insect cells. The full-length htt band was readily detected on a Coommassie-stained SDS gel from the transfected total cell lysate (Fig. 1B) , and its identity was confirmed by western blotting using anti-htt monoclonal antibodies (MAB2166, MAB2168 and MAB2170, Fig. 1C ). After Niaffinity chromatography, full-length htt was approximately 70% pure (Fig. 1D, lane 1) . Further purification on a Superose 6 gel filtration column and anti-FLAG-tag resin generated ~95% pure htt (Fig. 1D, lane 2) . The majority of the htt eluted from the Superose 6 column in high molecular weight complexes, of either homo-or heterooligomers (Fig. 2) . Interestingly, the last peak to elute corresponded to an approximate molecular weight of 500kDa, whereas full-length htt is 347kDa, suggestive of a non-globular protein fold. This peak was shown by native PAGE to be composed primarily of monomeric htt which again ran between the molecular weight markers corresponding to 440 and 669kDa, and a small amount of dimer (Fig. 2B) . The native gel was blotted with the full complement of anti-htt antibodies MAB2166, MAB2168 and MAB2170 to confirm the product was full-length htt (only MAB2166 shown in Fig. 2C ). It is evident from the western blot that fraction 4 is predominantly monomeric, with only a small fraction of dimer and no higher ordered species. Although yields varied somewhat, we typically obtained 0.5mg of pure htt per liter of cell culture. This figure represents only about 10% of the total expressed htt due to the association of at least half of the protein with the insoluble cell components and the aggregation of a large fraction of the soluble htt (as seen in Fig. 2A) . In spite of the low yields, we were successful in expressing and purifying sufficient quantities of full-length monomeric htt to undertake preliminary biophysical studies. Varying degrees of proteolytic nicking was observed in preps of htt. We observed that the extent of nicking ranged from 5 to 40% depending on whether EDTA was present in the cell lysis buffer. Implications of the proteolytic nicking of purified htt is dealt with in detail in the sections below. Electron microscopy shows monomeric htt particles-Fractions isolated from the Superose 6 purification step were examined by negative stain electron microscopy ( Fig. 2D) to confirm the presence of aggregates in the early peaks and to see if any regular structure could be observed. Fraction 1 (void from Superose 6) showed large deposits of aggregated protein, whereas fractions 2 and 3 showed a mixture of non-specific protein deposits with increasing numbers of small individual particles. The small particles were particularly noticeable in fraction 4. To determine if the distinct particles were composed of htt, a sample of fraction 4 was labeled using monoclonal antibodies MAB2166, MAB2168 or MAB2170 and visualized using immunogold (Fig. 2E) . All three antibodies specifically labeled the particles (only MAB2166 is shown in the figure), suggesting that the small particles observed in the negative stain electron microscopy correspond to monomeric full-length htt. Htt is an elongated molecule with high helical content -In order to see whether the purified material was homogeneous and if htt was indeed elongated, we carried out a dynamic light scattering experiment. Htt concentrated to 0.4mg/ml gave a single peak, which when analyzed as monomodal yielded a hydrodynamic radius of 13.4nm with a polydispersion of 31.6%.
Polydispersity above 20% normally suggests the presence of some higher ordered species, and, as we know our solution contained a small amount of dimer (by native-PAGE, Fig. 2B and C) this was not unexpected. A bimodal analysis yields hydrodynamic radii of 9.5 and 21.0nm, likely corresponding to monomeric and dimeric htt. Using a standard curve containing transferrin, enolase, alcohol dehydrogenase, aldolase and apoferritin, we calculated a molecular weight of 522kDa for a hydrodynamic radius of 9.5nm, similar to what we obtain for monomeric htt by size-exclusion chromatography and native-PAGE. Thus, the hydrodynamic radius observed by dynamic light scattering, along with the migration behavior on size exclusion chromatography and native-PAGE suggests an elongated structure for htt.
The crystal structures of four other HEAT repeat proteins reveal a high helical content (>50%) (30) , and since it is predicted that HEAT repeats span the entire htt gene (24) , it is expected that human htt would have a similar high helical content, with multiple solvent exposed turns and coils connecting the helices. Indeed, the CD spectrum showed that purified recombinant fulllength htt was predominantly composed of α-helical secondary structure (Fig.  3A) . Deconvolution of the CD spectrum gave rise to 58.1% α-helix, 5.4% β-strand, and 27.7% turns and coils. This is in good agreement with Neural Network (40) secondary structure predictions (51.9% α-helix, 8.2% β-strand and 39.8% coils). Thermal denaturation of recombinant htt was carried out by monitoring change to CD signal at 222nm with increasing temperature. We observed a single broad transition with an mid-point at ~52°C (Fig. 3B) , indicating that full-length htt does not unfold in the cooperative manner associated with globular proteins. To determine if the apparent non-cooperativity was due to the proteolytic nicking of htt, we repeated the scans and melts with 70% and 90% intact material and observed no difference. Similar broad melting profiles have been observed for other helical repeat proteins which form non-globular structures (41), while others appear more cooperative in nature (42). It is possible that the cooperativity of the melting transitions of helical repeat proteins is related to the size of the repeat regions. The most cooperative transition is observed for the smallest protein, the repeat portion of the Notch receptor which contains ~200 amino acids, while a broad non-cooperative transition is observed for the repeat segment of TOM70 which is ~550 amino acids in size. Htt contains over 3,000 amino acids and may have several segments which unfold semi-independently. Htt is susceptible to proteolysis but remains associated when cleaved at multiple sites-During purification we noticed that htt was particularly prone to proteolysis, even in the presence of a protease inhibitor cocktail. In some preparations, a 220kDa degradation product was the major band observed in the Ni-column eluate and some smaller fragments were still associated with fulllength htt after gel filtration (Fig. 4A, lane 1) . The degree of proteolysis during htt purification was found to depend on whether EDTA was present in the cell lysis buffer. Thus, the apparent purity of htt in Fig. 4A differs from that in Fig. 1D (where EDTA was present). Since the construct has a 3xFLAG tag at the N-terminus, the monomeric htt fractions from the Superose 6 column were further purified on an ANTI-FLAG M2 affinity gel (Fig.  4A) . However, after FLAG-tag purification, all of the ~220kDa and most of the smaller bands still appeared in the eluate. The apparent association of htt fragments was not due to the presence of artifactual disulfide bonds, since we obtained similar results in the presence of 10mM DTT (e.g. Fig. 4D ). Using the three anti-htt monoclonal antibodies and the anti-FLAG antibody, we deduced that the ~220kDa band comprised a Cterminal fragment of htt, since it reacted with MAB2170 and MAB2168, but not MAB2166 or anti-FLAG antibodies (Fig. 4B ). In addition, Nterminal sequencing of the 220kDa band is consistent with cleavage at residue 622, which is within the large coiled region and the putative caspase cleavage site (Fig.1A) .
These results suggest that htt remains associated through non-covalent interactions in spite of multiple nicks along the length of the polypeptide sequence. However, we do not know the nature of the cleavage sites, nor their distribution along the length of htt. One would predict from the structures of other HEAT repeat proteins that htt would have exposed loops between each helical segment, and thus that htt would be proteolytically susceptible along the length of the molecule. A non-specific protease such as trypsin, which cleaves at all basic residues within flexible peptide segments, should thus appear to degrade htt when cleavage is observed on denaturing PAGE. On the other hand, if htt is held together by non-covalent interactions, such as the hydrophobic core observed in the structures of other HEAT repeat proteins, the apparently digested htt should still run as an intact monomer on native PAGE. To test this hypothesis, we performed a limited trypsin digestion experiment using FLAG-purified full-length htt. Incubation of nicked htt with increasing amounts of trypsin resulted in full digestion of htt when observed by SDS-PAGE (Fig. 4C) . However, when the same digested mixture was run on native PAGE (under reducing or non-reducing conditions), the majority of the apparently digested htt ran as a single band corresponding to full-length monomeric htt (Fig.  4D) . This band was able to react with the N-and C-terminal antibodies (data not shown), confirming that the tryptic fragments of full-length htt are associated under non-denaturing conditions. Although hydrogen bonds may play a role in maintaining the association of digested htt, the predicted amphipathic nature of the helices (see Fig. 5B ) suggests that, like other HEAT repeat proteins whose structures have been solved, htt may also have a continuous hydrophobic core.
DISCUSSION
Expression and purification of full-length human htt is the first obligate step in understanding its structure and function. In spite of the fact that 13 years have passed since the discovery of the htt gene, this is the first report of successful purification of htt in amounts required for biochemical and structural characterization. Without a known functional assay for htt, it is not possible to unequivocally conclude that the material we purified and characterized is correctly folded functional human htt. To overcome this limitation we chose to express human htt in insect cells which are likely to have a similar htt gene (38) . The presumption is that the folding machinery required for insect htt would work for human htt. This prediction seems to be borne out by the properties of purified htt. It is clear from secondary structure prediction that htt is primarily composed of HEAT repeats, and the biophysical data obtained on full-length htt presented here support the conclusion that the structure of htt resembles that of other HEAT repeat proteins. Four such structures have been determined, and for the purpose of illustrating the properties of a ~3,000 residue HEAT repeat protein, we created a model based on the structure of importin-β (Fig. 5C) . It is clear from the model that such a protein would be elongated, with a diameter similar to what we observed by dynamic light scattering (~200Å). Solvent exposed coils would be found between each helical segment, providing proteolytically susceptible sites along the entire length of the molecule. The measured hydrodynamic radius of htt is equally consistent with a single rigid rod and a more flexible molecule composed of several distinct rod segments. Limited proteolysis was conducted to distinguish between these possibilities. We observed that htt was cleaved at very low trypsin concentrations, and apart from two relatively stable fragments at ~45kDa and ~60kDa (Fig. 4C) , the digestion pattern was linear and continuous. However, despite these multiple cleavage events, most of the N-terminal fragments are still associated with the C-terminal portion of htt. In fact, this is probably true in vivo as well, since when Dyer and McMurray (43) carried out the fractionation of wild type full-length htt from control human brain, they also found that htt was susceptible to proteolysis and that the cleaved Nterminal fragment of htt co-eluted with monomeric full-length htt by size-exclusion chromatography. We found that human htt expressed in mammalian cells was also partially proteolyzed, with some cleavage products corresponding to those observed for insect cell-derived human htt (Supplementary Figure S1) . The non-covalent association of proteolyzed htt is somewhat surprising as Nterminal fragments of mutant htt have been found in nuclear inclusions (16), presumably after being separated from the C-terminus through proteolytic cleavage (17;18). Indeed, only N-terminal fragments can be found in intranuclear inclusions from HD patients (44) . It is possible that only cleavage at a specific site or a combination of sites can release the N-terminal fragments, and thus determining the protease(s) and cleavage sites involved may be of profound medical importance. The ability to express and purify full-length htt will be helpful in these investigations.
Half of the htt found in the insect cell lysate was insoluble, which may be due to its association with cell membranes (45) , and in the soluble fraction we always found some aggregated htt. It is interesting to note that fractionation of wild type htt from normal human and rat brain gave rise to similar profiles, with full-length htt eluting from the void volume all the way to monomer position (just before ferritin at 440kDa) (43;46) . This phenomenon may be due to self-association of htt or to interactions with other proteins. Since most of the HEAT repeat proteins can act as scaffolds for protein-protein interactions, it is logical to conclude that the large insoluble fraction (50%) and the soluble aggregates result from association with cellular components. Once purified, however, monomeric htt showed no sign of further selfassociation by dynamic light scattering, native PAGE or gel filtration.
In summary, we have successfully expressed and purified full-length human htt from insect cells. Using a combination of circular dichroism, dynamic light scattering, electron microscopy and limited proteolysis, we have shown that recombinant htt has high helical content, is an elongated molecule, and remains intact despite extensive proteolytic nicking. This preliminary characterization of htt is consistent with a structure composed entirely of HEAT repeats, folded via a continuous hydrophobic core into a single superhelical solenoid (Fig. 5C ). 3 . Circular dichroism spectroscopy of full-length htt. A. A far-UV CD spectrum of htt shows a folded protein with high helical content. B. Change in CD signal at 222nm, as htt (same sample as above) was ramped from 25 to 85°C shows a broad transition with a mid-point ~52°C. Fig. 4 . Full-length htt is susceptible to proteolysis yet remains intact. A. Coommassie-stained SDS-PAGE shows the pull-down results for full-length htt on an ANTI-FLAG M2 affinity gel. Lane 1, the partially nicked htt starting material which elutes at the monomer position on Superose 6 (large fraction nicked due to absence of EDTA in cell lysis buffer). Lane 2, unbound material. Lanes 3 and 4, two washes of the resin with buffer A. Lane 5, eluate from the resin using 3xFLAG peptide. The two major cleavage products are indicated. B. Blot of the eluate from the experiment described in A, using the anti-FLAG tag antibody and three monoclonal anti-htt antibodies. C. Coomassie-stained SDS-PAGE of trypsin digestion of full-length htt (eluate of ANTI-FLAG antibody resin). Lane 1, no trypsin. Lanes 2 to 5, with 0.04%, 0.08%, 0.16% and 0.24% trypsin (by weight). Samples were incubated at room temperature for 40 minutes and stopped by adding trypsin inhibitor. The two major digestion products are indicated. D. Reducing native PAGE with the same protein samples as in C shows the persistence of intact monomeric htt under non-denaturing conditions (Coommassie-stained). For the purpose of illustrating the properties of a HEAT repeat protein which has a molecular mass similar to that of htt, we created a 2880 residue continuous HEAT repeat superhelix using the coordinates of importin-β (1UKL) (34), as described in Methods. The ribbon diagram is colored according to secondary structure, as above. It is clear from the model why the hydrodynamic radius of htt is larger than that predicted from molecular mass alone, and why htt is susceptible to proteolysis along its entire length; all coiled regions (red) are potentially flexible and exposed. Tight packing of the helices to form the superhelix creates a continuous hydrophobic core which resists dissociation after proteolytic cleavage. D. E. . Full-length htt expressed in mammalian cells is of similar size to htt expressed in insect cells, and is also susceptible to proteolysis. Cos7 cells were transiently transfected using the pTre2Hyg:3xFLAG:htt17QFL construct and cells were harvested after 48 hours. Total cell extracts were run on a 3-8% SDS-PAGE and blotted with anti-htt antibody MAB2166. Lane 1 and 4 are mock transfections; lanes 2 and 3 are transfections using lipofectamine, and lanes 5 and 6 are transfections using Fugene. For comparison, lanes 7 to 9 are whole cell extracts of three different batches of insect cell produced htt. 
